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WIND-TUNNEL INVESTIGATION OF AN UNPOWERED HELICOPTER 

FUSELAGE MODEL WITH V-TYPE EMPENNAGE 

Carl E. Freeman* and William T. Yeager, Jr.* 
Langley Research Center 


SUMMARY 

An investigation has been undertaken to establish the applicability of a 
V-type empennage on an unpowered semiscale helicopter fuselage. Configuration 
changes included variations of V-tail dihedral angle, planform area, and inci- 
dence angle. Of the configurations tested, a V-tail with a dihedral angle of 
55°, a total planform area of 0.244 m 2 (2.625 ft 2 ), and an incidence angle of 
5° most nearly match the trim and static stability of the baseline conventional 
empennage . 


INTRODUCTION 

Conventionally powered, single rotor helicopters have experienced direc- 
tional control problems while operating in low-velocity left rear quartering 
winds in ground effect and during low-speed sideward flight in ground effect 
(refs. 1 and 2). Investigations have been conducted to determine the source 
of these directional control problems and possible means of alleviating them 
(refs. 3 to 5). Reference 4 showed that a V-type empennage presents significant 
advantages over conventional horizontal-vertical control surfaces with respect 
to helicopter directional control at low speeds. The principal advantages are: 
(1) smaller adverse fin forces and (2) increased tail-rotor efficiency. 

To investigate more fully the effects of a V-type empennage on vehicle sta- 
bility and control at typical helicopter cruise speeds, a parametric study was 
conducted in the Langley V/STOL tunnel. The tests were carried out with an 
unpowered helicopter fuselage model to provide a baseline for V-type and conven- 
tional empennage static stability comparisons. V-tail parameters investigated 
were planform area, dihedral angle, and incidence angle. 


SYMBOLS 

Units used for the physical quantities defined in this paper are given in 
the International System of Units (SI) and parenthetically in U.S. Customary 
Units. Measurements and calculations were made in U.S. Customary Units. Conver- 
sion factors are presented in reference 6. 

Positive senses of forces, moments, and angles are presented in figure 1. 
Relative balance positions and location of the model moment reference center are 
shown in figure 2. 


*Langley Directorate, U.S. Army Air Mobility R&D Laboratory. 



reference rotor disk area, TiR 2 


drag coefficient, _P _ 

QocA 

lift coefficient, Eh 

QcoA 

rolling-moment coefficient, 
pitching-moment coefficient, 
yawing-moment coefficient, . 
side-force coefficient, El 

QooA 


M X 

QooAR 

m y 

qooAR 

M Z 

QooAR 


section lift coefficient 
drag force, N (lbf) 
lift force, N (lbf) 
side force, N (lbf) 

horizontal- tail incidence angle, deg 

V-tail incidence angle, deg 

rolling moment, N-m (ft-lb) 

pitching moment, N-m (ft-lb) 

yawing moment, N-m (ft-lb) 

dynamic pressure, Pa (psf) 

reference rotor radius, 1.68 m (5.5 ft) 

V-tail total planform area, m^ (ft^) 

free-stream velocity, m/sec (ft/sec) 

angle of attack, deg 

angle of sideslip, deg 

dihedral angle, deg 







roll angle, deg 
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Model component designations : 

F fuselage 

G landing skids 

S conventional empennage 

W wing 

V ah „ V-tail empennage, where a, b, and c are as indicated in the 

following table: 


a 

T , deg 

b 

CM 

1 

v— ' 

CM 

a 

CO 

c 

iy » d e 8 

i 

45 

1 

0.186 (2.000) 

1 

5 

2 

50 

2 

.244 (2.625) 

2 

8 

3 

55 

3 

.302 (3.250) 

3 

10 


Abbreviation : 

W.L. water line 


MODEL AND APPARATUS 

A photograph of the model used in this investigation is shown in figure 3- 
Dimensions and geometric characteristics are given in table I. The total model 
system consisted of a fuselage-empennage combination configured to represent the 
attack helicopter of reference 1 , the general rotor model system (GRMS) , and the 
Langley V/STOL tunnel high alpha-beta sting assembly. 

Figure 2 illustrates the differences between the model used in this investi- 
gation and an exact 1 /4-scale model of the attack helicopter of reference 1. 

The model fuselage width was increased to accommodate the GRMS. All other com- 
ponents: pylon, landing skids, wings, and empennage were true 1/4 scale. 

The GRMS consists of a strain-gage balance system and a rotor power system. 
Three six-component strain-gage balances were used to measure aerodynamic forces 
and moments on the model. The main balance measured total model forces and 
moments. The rotor balance was mounted inside the model and measured loads on 
the rotor hub and shaft. The tail balance was mounted on the aft part of the 
GRMS keel and measured the empennage aerodynamic loads, including 33-0 cm 
(13.0 in.) of the tail cone. 

The model was supported at a 10° angle from the bottom by the high alpha- 
beta sting assembly (fig. 3). The desired pitch and sideslip angles were 
obtained by varying the three sting joint angles. Model height above the tunnel 
floor remained constant, and model roll angle remained nominally 0°. The model 
pitch and roll angles were measured by instrumentation inside the model, and 
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model sideslip angle was calculated from the relationship of the three sting 
joint angles. 

The model could be configured with either a conventional or V-tail empen- 
nage. The conventional empennage consisted of a horizontal and vertical, stabili- 
zer. The horizontal surfaces had negative camber with a variable incidence capa- 
bility. The vertical tail had negative camber (positive side force) and fixed 
incidence. The V-tail empennage could be configured with three surface areas, 
three dihedral angles, and three incidence angles; Details of this empennage 
are shown in figure 4. Strain gages were attached to the spars of the V-tail 
panels to measure beamwise loads on the individual panels. The right V-panel, 
as well as the conventional vertical tail, had representative tail-rotor gearbox 
fairings. 

During part of the investigation, the V-tail empennage was mounted alone 
with the tail balance on a blade strut to obtain tail data without fuselage 
interference. A bluff forebody was attached to the strut to close off the tail 
cone. A photograph of this arrangement is presented in figure 5. 


TESTS AND CORRECTIONS 

The tests were conducted in the Langley V/STOL tunnel, which is an 
atmospheric, closed-circuit wind tunnel. The test section measures 4.42 m 
(14.50 ft) by 6.63 m (21.75 ft). During the tests, the model was held near the 
center line of the test section out of ground effect. Data were obtained at 
free-stream dynamic pressures of 694, 1436, 1896, and 2298 Pa (14.5, 30.0, 39.6, 
and 48.0 psf) which correspond to a Mach number range of 0.10 to 0.18. Transi- 
tion grit was placed on the fuselage, wings, and tail surfaces, as suggested in 
reference 7* 

Angle-of-attack sweeps were made at 0° sideslip from -18° to 8° beginning 
at 0° angle of attack. Sideslip sweeps were made at nominal fuselage trim pitch 
angles for each particular airspeed. These trim conditions were based on 1g 
level flight with a two-bladed teetering rotor and were determined using the com- 
puter program described in references 8 to 10. 

All data have been corrected for jet-boundary effects by the methods used 
in reference 11. Longitudinal and directional corrections were applied to the 
main and tail balance data to account for the movement of the middle section of 
the model support sting. Depending upon the pitch and yaw angles required and 
the tunnel dynamic pressure, the sting caused a variable flow deflection at the 
tail. By holding the pitch and yaw angles constant and by moving the middle sec- 
tion of the sting around its azimuth’, the flow-field variations were obtained 
and corrections were applied to the data. 

The data were recorded on a digital data-acquisition system. A data point 
consisted of an average of fifty samples of data acquired over a 5-sec interval. 
All strain-gage data were filtered above 2 Hz. 
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PRESENTATION OF DATA 

Data taken during this investigation have been plotted and are given in fig- 
ures 6 to 14. Longitudinal and lateral data for all three balances are refer- 
enced to the moment-reference center shown in figure 2. Longitudinal data are 
in the stability-axis system, and lateral data are in the body-axis system. 

Both the longitudinal and lateral data use a nominal rotor disk area and rotor 
radius as reference area and length. 

The data are presented in the following order: 


Figure 

Longitudinal characteristics: 

Effect of V-tail dihedral angle ...... 6 

Effect of V-tail planform area . 7 

Effect of V-tail incidence angle 8 

Effect of fuselage 9 

Effect of horizontal-tail incidence angle 10 

Lateral-directional characteristics : 

Effect of V-tail dihedral angle 11 

Effect of V-tail planform area ..... 12 

Effect of V-tail incidence angle 13 

Effect of angle of attack 14 


DISCUSSION OF RESULTS 

The data in this report are, on the whole, presented without detailed analy- 
ses or correlation with theory.' The main impetus for this investigation was to 
determine the effects of a V-type empennage on the static stability characteris- 
tics of an unpowered helicopter fuselage and to identify a V-tail configuration 
that provides essentially the same level of static longitudinal and lateral- 
directional stability as the baseline configuration. The baseline configuration 
used was that of the attack helicopter of reference 1 . Not all the possible com- 
binations of V-tail dihedral angle, planform area, and incidence angle were 
tested. The configurations omitted were those that, based on data trends during 
the test, would not match the stability levels of the baseline configuration . 

The following sections are provided to describe highlights of the data presented. 


Longitudinal Characteristics 

Figures 6 to 8 show the effects of V-tail dihedral single, planform area, 
and incidence angle on vehicle static longitudinal stability. Figure 6 shows 
that as the V-tail dihedral angle is increased for a fixed area, vehicle longi- 
tudinal stability decreases. This change is to be expected since an increase in 
dihedral angle results in a decrease in projected horizontal- tail area. This 
effect of dihedral angle is not as readily apparent in figures 6(a) and 6(b) as 
it is in figures 6(c) to 6(e) since the tail area of 0.186 m^ (2.0 ft^) appears 
to be marginal for producing positive longitudinal stability. 
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Figure 7 also shows the effect of V-tail planform area, for fixed dihedral 
angles, on vehicle longitudinal stability. As expected, increasing the area 
also increases the longitudinal stability. As figure 6 shows, the smallest 
V-tail area of the tests is marginal for producing positive longitudinal stabil- 
ity, particularly at positive angles of attack. 

Figure 8 shows the effect of V-tail incidence angle on vehicle longitudinal 
stability for fixed values of dihedral angle and planform area. Changes in the 
incidence angle are shown to have little effect on the vehicle static longitudi- 
nal stability. 


In figures 6 to 8 the longitudinal characteristics of the baseline vehicle 
configuration are compared with those of the V-tail configurations . The V-tail 
is shown to have stability characteristics generally as good as, or better than, 
the conventional tail arrangement used on the baseline vehicle configuration. 
This result is, of course, dependent on the combination of V-tail dihedral angle 
and planform area chosen. The smallest area tested is marginal even for the 
lowest dihedral angle, whereas the largest area tested produces more stability 
than needed even at the highest dihedral angle tested. The dihedral angle 
required to produce static longitudinal stability and trim essentially the same 
as the baseline configuration is dependent on the area chosen. The combination 
that produced longitudinal stability characteristics generally equivalent to the 
baseline configuration was a dihedral angle of 55°, a total planform area of 
0.24M m^ (2.625 ft^), and an incidence angle of 5°. 


The effect of the fuselage on vehicle longitudinal stability can also be 
determined from figures 6 to 8 by comparing the results from the total force and 
moment balance with the results from the tail balance. In all cases, the fuse- 
lage is seen to have a significant effect on vehicle longitudinal stability. 

This effect is particularly true for the baseline tail configuration. The 
V-tail is most affected by the fuselage when the smallest planform area is used. 

As a means of verifying the adverse effect of the fuselage, several runs 
were made with the V-tail mounted alone in the test section as shown in figure 5. 
Results of these tests are presented in figure 9. These data show that the tail 
contribution to stability was considerably reduced because of the downwash 
effects associated with the fuselage-wing combination. 

Figures 6 to 8 also show the drag characteristics of the baseline and 
V-tail configurations. The data show that the V-tail configuration generally 
produces more drag than the baseline configuration. This result may be caused 
by the increased area of the V-tail and by the interference and induced losses 
associated with the V-tail as indicated in reference 12. 


Figure 10 summarizes data for the tail-off configuration and for the base- 
line configuration at several values of horizontal- tail incidence angle. 


Lateral-Directional Characteristics 

Figures 11 to 13 show the effects of V-tail dihedral angle, planform area, 
and incidence angle on vehicle static lateral and directional stability. Fig- 
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ure 11 shows that increasing V-tail dihedral angle, for a fixed planform area, 
has a small effect on the vehicle lateral and directional static stability. Fig- 
ure 11 indicates that V-tail area is a more powerful parameter than dihedral 
angle. 

Figure 12 shows the effect of V-tail area, for fixed dihedral angles, on 
vehicle lateral and directional static stability. Increasing the planform area 
while maintaining the dihedral angle increases both the lateral and directional 
stability. The smallest area is shown to be unsatisfactory regardless of the 
dihedral angle at which it is tested. 

Figure 13 shows the effect of V-tail incidence angle, for fixed values of 
dihedral angle and planform area, on vehicle lateral and directional static sta- 
bility. Changes in the incidence angle are shown to have little effect on the 
vehicle stability. 

Figures 11 to 13 also show a comparison of the lateral and directional char- 
acteristics of the baseline configuration with each different V-tail configura- 
tion. With the exception of the smallest V-tail area of the tests, the V-tail 
is shown to have stability characteristics generally as good as, or better than, 
the conventional tail arrangement used on the baseline vehicle configuration. 

The small V-tail area produces sufficient lateral stability but does not always 
produce a stabilizing directional contribution. Just as for the vehicle longitu- 
dinal characteristics, the V-tail combination that produced lateral and direc- 
tional stability characteristics generally equivalent to the baseline configura- 
tion was a dihedral angle of 55°, a total planform area of 0.244 m 2 (2.625 ft 2 ), 
and an incidence angle of 5°. 

The fuselage effect on vehicle lateral and directional static stability can 
also be determined from figures 11 to 13 by comparing the results from the total 
force and moment balance with the results from the tail balance. Generally, the 
fuselage is found to have little or no effect on vehicle lateral stability but 
does produce a significant destabilizing effect directionally. 

Figure 14 shows the effect of angle of attack on vehicle lateral and direc- 
tional static stability characteristics. The vehicle is shown to have more 
favorable stability characteristics generally at negative angles of attack with 
the V-tail. 


SUMMARY OF RESULTS 

The results of this investigation of an unpowered helicopter model with a 
V-type empennage may be summarized as follows: 

1 . The V-tail dihedral angle needed to produce desired static stability 
characteristics is dependent on V-tail area. 

2. For the dihedral angles tested, static lateral-directional stability was 
less sensitive than longitudinal stability to changes in dihedral angle. 
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. 3. For the range of V-tail parameters tested, the V-tail configuration pro- 
duces higher drag than the baseline configuration. 

4. A V-tail configuration with a dihedral angle of 55°, a total planform. 
area of 0.244 (2.625 ft^), and an incidence angle of 5° most nearly matched 

the trim and static stability of the baseline conventional empennage. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
February 4, 1977 
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TABLE I.- MODEL GEOMETRY 


Wing : 

Airfoil : 

Root NACA 0030 

Tip NACA 0024 

Span, m (ft) 0.786 (2.58) 

Area, m 2 (ft 2 ) 0.159 (1.71) 

Chord : 

Root, m (ft) 0.213 (0.700) 

Tip, m (ft) 0.158 (0.520) 

Incidence angle (chord line), deg 14 

Leading-edge sweep, deg 14 

Dihedral angle, deg 0 

Horizontal tail: 

Airfoil Inverted Clark Y 

Span, m (ft) 0.573 (1.88) 

Area, m 2 (ft 2 ) 0.0975 (1.05) 

Chord : 

Root, m (ft) 0.183 (0.60) 

Tip, m (ft) . . . 0.137 (0.45) 

Incidence angle (chord line), deg 0, 6, 10 

Leading-edge sweep, deg 20 

Dihedral angle, deg : 0 

Vertical tail : 

Span, m (ft) 0.378 (1.24) 

Area, m 2 (ft 2 ) 0.0966 (1.04) 

Chord : 

Root, m (ft) 0.341 (1.12) 

Tip, m (ft) 0.171 (0.56) 

Incidence angle (chord line), deg 0 

Leading-edge sweep, deg 50 

V-tails: a 

Airfoil NACA 4415 

Rotor ( reference ) : 

Radius, m (ft) 1.68 (5.50) 

Disk area, m 2 (ft 2 ) 8.83 (95.0) 

a See figure 4 and Symbols for details. 
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l/4 Scale attack helicopter (ref. 1) 



Model station 
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Figure 2.- Model geometry 
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Figure 6.- Effect of V-tail dihedral angle on model longitudinal characteristics 
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Figure 7.- Effect of V-tail planform area 
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Figure 7.- Concluded. 
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Figure 8.- Effect of V-tail incidence angle on 


longitudinal characteristics 







Figure 8.- Continued 

















































































Figure 11.- Effect of V-tail dihedral angle on model lateral-directional characteristics. 








Figure 11.- Continued. 





Configuration 
o FWGS 
□ FWGV m 

O FWGV^ 

A FWGV,„, 


R( 

















LO 

VO 









•tr 

O 



Figure 12.- Effect of V-tail planforra area on model lateral-directional characteristics. 









Figure 12.- Continued 
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Figure 13.- Concluded 
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